Conclusion: Prosochit® is superior to its individual constituents as a tableting excipient but its suitability for liquid formulation is reduced by increase in the proportion of chitosan.
INTRODUCTION
Pharmaceutical polymers are polymers that are used for the purpose of drug delivery. They serve different purposes in the manufacture as well as in the performance of pharmaceutical preparations [1, 2] . They are used as excipients in solid, semi-solid and liquid dosage forms [3] [4] [5] . Chemically, pharmaceutical polymers can be classified into: starch-based polymers, cellulosebased polymers, hydrocolloids, chitosan and synthetic polymers [6] [7] [8] [9] [10] .The variation in chemical composition of polymers is responsible for their different physical, thermal, mechanical and functional properties [11] .
If a polymer cannot address the needs of a particular application, its properties can be modified. Alternatively, two or more polymers can be combined either by blending or by chemical reaction [12] . Polymer blends are simply made by physical mixing or co-processing of two or more polymers in molten or solution state [13] . Co-processing leads to the formation of excipient granulates with superior properties compared with mere physical mixtures of individual components. It is another way of producing new excipients without undergoing the rigorous safety testing of a completely new chemical [14] . The excipients chosen for co-processing should be such that they complement each other to mask the undesirable properties of individual excipients and at the same time, retain or improve the desired properties [15] . An excipient of reasonable price can be combined with optimal amount of a functional material in order to obtain superior functionality than the simple mixture of components [14] .
Prosochit
® , NG Patent 2016/00355, is a novel co-processed excipient of prosopis gum (PRG) and crab shell chitosan (CTS) [16] . It is of three grades and coded as Prosochit ® 201 (PC201), Prosochit ® 101 (PC101) and Prosochit ® 102 (PC102). The three grades contain the two polymers (prosopis gum and crab shell chitosan) at different proportions of 2:1, 1:1 and 1:2 respectively. The prosopis gum was obtained from the seeds of Prosopis africana while the chitosan was obtained from shell wastes of Callinectes gladiator. The Fourier transform infrared spectra of prosopis gum, crab shell chitosan and Prosochit ® 101 in the work of Olorunsola [16] showed that prosopis gum and chitosan are compatible.
Prosopis africana is widely distributed in the tropical region [17] . The gum is made up of highly branched polysaccharides with chain structure which is formed when monosaccharides condense with the elimination of water molecules. It is a natural polysaccharide consisting mainly of glucose, fructose, galactose and xylose as the monosaccharide units [18] . Its high bioadhesive strength is commensurate with those of Carbopol 974-P and sodium carboxylmethylcellulose [19] .
Like other crustaceans, shells of members of the genus Callinectes are good source of chitosan [20] . The swimming crab, Callinectes gladiator Benedict is a decapod crustacean which is abundantly available in the coastal towns of West Africa [21] . Purified grades of chitosan are useful for biomedical and pharmaceutical applications [22] . Earlier work has shown that crab shell chitosan incorporated as permeation enhancer at concentrations of 1-5% had a positive influence on the disintegration and dissolution of ciprofloxacin tablet as well as on permeation of the drug [20] .
Prosopis gum and chitosan are two polymers of different origins and different properties. The three grades of Prosochit ® contain the two polymers in different proportions; and are likely to exhibit different properties. The aim of this study is to assess the effect of polymer ratio on the quality of Prosochit ® , a coprocessed excipient of the two polymers. A good knowledge of the behaviour of the different grades will help in identifying the appropriate use.
EXPERIMENTAL Materials
The materials used were: Prosochit 
Differential scanning calorimetry (DSC)
DSC analysis was carried out on individual components (prosopis gum and crab shell chitosan) and on the three grades of Prosochit ® . Analysis of each sample, placed in an Al 40 µL crucible was carried out using a STAR e SW 12.10 DSC machine (Mettler-Toledo, GmbH Germany). The scanning was carried out over a temperature range of 50 -350 O C.
Density measurement
A 10 g sample of excipient was placed in a 25 ml measuring cylinder and the bulk volume was taken. The system was tapped 500 times after which the volume was retaken. The bulk density (BD) and tapped density (TD) were calculated as the ratio of mass to the corresponding volume.
The true density (D t ) of the excipients (prosopis gum, crab shell chitosan and the three grades of Prosochit ® ) were determined by the specific gravity bottle method. A clean 25 ml specific gravity bottle was filled with xylene and the weight of the bottle with xylene was determined. Some of the xylene was poured out and 1g of sample was transferred into the bottle. More xylene was added until the bottle was filled. The excess fluid was wiped off and the weight of the bottle and its content was taken. The true density was calculated using Eq 1.
where w is the weight of excipient, a is weight of bottle + xylene; b is weight of bottle + xylene + excipient and SG is the specific gravity of xylene.
Determination of flow properties
For each of the excipients (prosopis gum, crab shell chitosan and the three grades of Prosochit ® ), 20 g of sample was poured inside a funnel of orifice diameter 0.75 cm clamped at height 10 cm from the table surface. The sample was allowed to flow freely and the angle of repose, Ɵ, was calculated using Eq 2. (2) where h = height of heap and D is the diameter.
The Carr's index (CI) and Hausner's ratio (HR) were calculated using the two equations below [23] :
Determination of powder porosity
The powder porosity Փ was determined using Eq 5.
where BD = bulk density and D t = true density of excipient.
Determination of swelling index (SI)
A 2 g sample of excipient was weighed and transferred into a 50 ml measuring cylinder containing distilled water. The initial volume of the excipient inside the measuring cylinder was taken. The system was left for 24 h after which the swollen volume of the excipient was taken. SI = (Vf -Vo/Vo) × 100 …………….. (6) where V f is the swollen volume and V o is the initial volume of the excipient.
pH measurement
The pH of 2 % w/v dispersion of each excipient (prosopis gum, crab shell chitosan and the three grades of Prosochit ® ) was determined 24 h after preparation using a pH meter.
Determination of apparent viscosity of the mucilage
The viscosity of a 2 % w/v dispersion of each excipient was measured 6 h after preparation using a DV1 prime viscometer (Brookfield Engineering, U.S.A.). About 70 ml of the gum dispersion was placed in the cup of the viscometer, spindle 1 was inserted and the reading was taken at room temperature and 60 rpm.
Determination of adhesive strength
Dispersions (100 ml) of different excipients at concentration of 2.0 % w/v were prepared, stirred and left for 6 h for hydration and dissolution. A Searls tensiometer (Philip Harris P23660/9, England) was used for determination the surface tension of each of the dispersions. The circular plate was submerged below the surface of the dispersion and then gradually raised upward. The equipment was zeroed when the plate was just at the surface of the dispersion. The plate was subsequently raised until it just detached from the surface of the liquid. The reading was taken from the scale and converted to kg (10 mm being equivalent to 10 -3 kg as specified on the instrument). The adhesive strength of each dispersion was calculated using the modified form of the equation of Sharma et al [24] . AS = mg/πr 2 ……………………. (7) where AS is the adhesive strength, m is the mass causing detachment, g is acceleration due to gravity, r is the radius of the circular plate.
Statistical analysis
Data were expressed as mean ± standard error of mean (SEM). Statistical analysis was done using GraphPad Instat-3 package. Significance of difference was set at p -values less than 0.05.
RESULTS

DSC thermograms
The DSC thermograms of prosopis gum, crab shell chitosan and the three grades of Prosochit 
Density
The bulk, tapped and true densities of prosopis gum, crab shell chitosan and the three grades of Prosochit ® are shown in Table 1 . The bulk densities of prosopis gum and chitosan were not significantly different. Those of the three grades of Prosochit ® were significantly lower. The same observations were recorded for the tapped densities. There was a significant difference between the true density of prosopis gum and that of chitosan.
Flow properties
The flow properties of the excipients are shown in Table 2 . The values of angle of repose of prosopis gum and chitosan were not significantly different from those of the three grades of Prosochit ® . There was no significant difference in the Hausner's ratio of the different excipients, neither was there any significant difference in the Carr's index.
Porosity
The porosity values of the different excipients are shown in Figure 2 . The porosity values of the three grades of Prosochit ® were not significantly different from that of prosopis gum but were significantly different from that of chitosan. 
Swelling index
The swelling index values of the five excipients are shown in Figure 3 . There was a significant difference in the swelling index of the excipients (p < 0.0001). The swelling index of Prosochit ® decreased with increase in the proportion of chitosan.
Physicochemical properties of dispersions of the excipients
The pH, viscosity and adhesive strength of 2 % w/v dispersion of the excipients are shown in Table 3 . The pH of Prosochit ® increased with increase in proportion of chitosan. There was a significant difference in the viscosity of 2 % w/v dispersion of the excipients; and the value decreased with increase in the proportion of chitosan. The adhesive strength of Prosochit ® varied directly as the proportion of prosopis gum in the new excipient. Prosochit ® had higher values of adhesive strength compared to the individual constituents (prosopis gum and crab shell chitosan). Their flow properties increased with increase in proportion of chitosan but deceased viscosity, with porosity similar to that of prosopis gum but swelling indices lower than that of prosopis gum, and higher adhesive strength compared to the individual constituents (prosopis gum and crab shell chitosan).
The exotherm in the thermogram of prosopis gum depicts polymer degradation while the first and second endotherms in the thermogram of crab shell chitosan respectively depict enthalpy relaxation and melting [25] . Hence, crab shell chitosan has melting point of 179 o C. The melting points of the three grades of Prosochit ® were close to that of pure chitosan and the values decreased slightly with increase in the proportion of chitosan. Therefore, chitosan has a greater influence on the thermal behaviour of Prosochit ® .
Co-processing of the two polymers led to production of more loosely packed particles as evident from the bulk and tapped densities. There was a significant difference between the true density of prosopis gum and that of crab shell chitosan; and the true density of Prosochit ® decreased with increase in the proportion of chitosan. This implies decrease in compressibility of Prosochit ® with increase in the proportion of chitosan as corroborated by the work of Khan and Rhodes [26] . A good flow is a requirement for tableting process.
Co-processing of crab shell chitosan with prosopis gum had no significant effect on the porosity of the latter. Porosity is a measure of the empty space in a material. This is very important to disintegration process in tablets as explained by Gupta and Raud [27] . For disintegrants that work by capillary action, high porosity is advantageous because water uptake is enhanced. For those that work by swelling, high porosity enhances water uptake but reduces the effect of the breaking force because of the void spaces.
Chitosan, as a disintegrant, works by capillary action or wicking [28] . High porosity provides the pathway for fluid penetration for air displacement, bringing about wicking which is the mechanism employed by chitosan. Hence, the high porosity of prosopis gum will enhance the disintegrant effect of chitosan in Prosochit ® .
The decrease in swelling index of Prosochit ® with increase in the proportion of chitosan can be linked to the lower value of the swelling index of chitosan as compared to that of prosopis gum. Swellable polymers are very useful for controlled delivery of drugs [29] . Hence, just like prosopis gum, the three grades of Prosochit ® can be investigated for controlled drug delivery. Prosochit ® is superior to prosopis gum in that chitosan possesses permeation-enhancing property [30] . The work of Ngwuluka et al [13] showed that combination of two polymers for use as swellable matrix is often superior to the individual ingredient.
The pH of Prosochit ® is intermediate between those of prosopis gum and crab shell chitosan making the new excipient to have wider applicability. Viscosity enhancement is an important phenomenon in the ability of a polymer to function as a suspending, emulsifying or stabilizing agent [10] . Therefore, the decrease in viscosity of dispersion with increase in the proportion of chitosan implies that increase in the proportion of chitosan will lead to decrease in suspending, emulsifying and stabilizing effect of Prosochit ® [31] .
Compression of tablet and the nature of final product are influenced by the behaviour of the binder or the delivering agent used for its formulation [32] . The adhesive strength of Prosochit ® varied directly as the proportion of prosopis gum in this new excipient. The new excipient had higher values of adhesive strength compared to the individual constituents (prosopis gum and crab shell chitosan). This can be attributed to the fact that both prosopis gum and chitosan are bioadhesives [18, 30] . Therefore, coprocessing of prosopis gum and chitosan has synergistic effect on adhesive strength. This is an indication of better binding effect and better controlled release property.
CONCLUSION
Chitosan has a greater influence on the thermal behaviour of Prosochit ® . The swelling index of Prosochit ® is intermediate between those of the gum and the chitosan. The new excipient is superior to both components as it combines the high swelling index of prosopis gum, the inherent permeation-enhancing effect of chitosan and the adhesive properties of the two constituting polymers. There is synergism of properties necessary for tableting; and the new excipient (Prosochit ® ) also possesses better indices for use for controlled drug delivery. In terms of liquid formulation, the potential usefulness of this new excipient as suspending, emulsifying and stabilizing agent reduces with increase in the proportion of chitosan.
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